This study aimed to evaluate the in vitro antiproliferative and inhibition of oxidative DNAdamage activities of n-butanol (n-BuOH) extract of Centaurea sphaerocephala. The in vitro antioxidant activity of the ethyl acetate (etOAc) and the n-BuOH extracts of this plant were also assayed. To investigate the antioxidant potential, extracts were tested for their capacity to scavenge 1,1-diphenyl-2-picrylhydrazyl (DPPH · ) and to inhibit lipid peroxidation using the TBARs method. The contents of total phenolics and flavonoids were measured. Additionally, antiproliferative activity and DNA-damage inhibition of the n-BuOH extract was determined using XCelligence RTCA instrument and photolyzing 46966 plasmid, respectively. The results exhibited that the scavenging abilities of the etOAc extract were better than the n-BuOH extract with an IC 50 = 11.59 µg/ml and 16.67 µg/ml for both extracts, respectively. The phenolic and flavonoid contents were found higher in the n-BuOH and etOAc extracts. Furthermore, our results showed that n-BuOH extract exhibited a remarkable inhibition of lipid peroxidation with an IC 50 of 340.94±7.49 μg/mL and had an antiproliferative effect against Hela cells. Extracts of C. sphaerocephala showed antioxidant activity on scavenging DPPH · . In addition, the n-BuOH extract inhibited the lipid peroxidation and exhibited an antiproliferative effect against HeLa cells line (human cervix carcinoma).
INTRODUCTION
Plants produce an excessive number of antioxidants to represent a potential source of new molecules and prevent oxidative stress for therapeutic uses (Cragg and Newman 2013) . Some medicinal plants have noteworthy potential as natural antioxidants and may be used as protectors against disorders related to oxidative stress (Ting et al. 2011, Bora and Sharma 2011) . However, increasing needs for natural antioxidants have provoked great importance for the discovery of powerful free radical scavengers from plants (Khodaie et al. 2012) . Some plants showed a radical scavenging capacity dose-dependently and a protective effect on H 2 O 2 -induced cytotoxicity and DNA damage (Russo et al. 2001) . The olive leaf extract, known for its antioxidant capacity, has been confirmed to induce apoptosis in several cancer cells via differentiation steps (Samet et al. 2014) . Moreover, Boerhavia elegans (Choisy) exhibited strong antimalarial effect and antioxidant activity due to its high content of phenolic components (Sadeghi et al. 2015) . The genus Centaurea (trible Cynareae, family Asteraceae) is one of the most widely distributed plant genera in the world. Centaurea includes more than 500 species, 45 of which grow spontaneously in Algeria, with 7 species localized in the Sahara region (Ozenda 1958, Quézel and Santa 1963) . Several Centaurea species are consumed in folk medicine in many countries. For example in Turkey, dried flowers of Centaurea cyanus are used as an infusion to relieve diarrhea, gain energy and increase appetite; infusion of Centaurea calcitrapa is used as a febrifuge; Centaurea jacea is used to increase appetite, to relieve constipation, reduce fever and start menstruation (Reyhan et al. 2004 , Baytop 1999 . In Tunisia, Centaurea furfuracea, an endemic species from the desert region of the North of Africa, is used as astringent and diuretic (Fakhfakh and Damak 2007) . While in Algeria, the roots of Centaurea incana are used in the region of Aurès for the treatment of liver diseases (Aclinou et al. 1982 ).
In addition, various studies have shown medicinal properties of Centaurea species such as antimicrobial (Karioti et al. 2002 ), antibacterial (Ćirić et al. 2011 ), antifungal (Koukoulitsa et al. 2005 ), cytotoxic (Koukoulitsa et al. 2002 , Tukov et al. 2004 ) and analgesic (Hamid Oudjana 2017 . Centaurea is well known for its high structural diversity in major bioactive structures, including sesquiterpene lactones, lignans, triterpene and flavonoids (Koukoulitsa et al. 2002 , 2005 , Tukov et al. 2004 , Hamid Oudjana 2017 .
given the interest of Centaurea pharmacology and phytochemistry and within the context of the study of Centaurea species growing in Algeria Zater et al. , Kolli et al. 2012 , Bicha et al. 2011 , Bentamene et al. 2010 , Medjroubi et al. 2005 , we have taken interest in to study Centaurea sphaerocephala l. Previous studies on this species and/or its subspecies led to the isolation of flavonoid aglycones (Bentamene et al. 2008) , flavonoid glucosides (Bentamene et al. 2010), sesquiterpene lactones (Bruno et al. 1994 (Bruno et al. , geppert et al. 1983 ), lignans, sesquilignans and a dithienylacetylene (Bastos et al. 1990 ). The composition of the essential oil of this species was also reported (Senatore et al. 2006) .
Our previous study (lahneche et al. 2017 ) showed that n-butanol (n-BuOH) extract of C. sphaerocephala exhibited significant protection against VPA-induced toxicity by its ability to ameliorate the lipid peroxidation and free radical (DPPH · ) scavenging activity, which enhanced the levels of an antioxidant defense system. This effect could be attributed to its antioxidant properties (Bekhouche et al. 2018) .
Therefore, to our knowledge and as a part of our ongoing research program on beneficial health effects of plants and herbs (Boussaha et al. 2015 (Boussaha et al. , lassed et al. 2017 , we investigate in the present study, the free radical scavenging activity using DPPH · test, phenol and flavonoid contents in the ethyl acetate (EtOAc) and the n-BuOH extracts of C. sphaerocephala. n-BuOH extract was also assessed for its inhibition of lipid peroxidation, antiproliferative activity, and oxidative DNA damage.
MATERIALS AND METHODS

PlANT MATeRIAl AND eXTRACTION
Aerial parts of C. sphaerocephala were collected from the area of el Kala, Algeria (21 m, 36° 53' 44" N, 8° 26' 35" e) in May 2012 and authenticated on the basis of Quézel and Santa (1963) by Professor M. Kaabache, specialist in the identification of Algerian Centaurea species (Ferhat Abbas University, Setif 1, Algeria). A voucher specimen (CSA0512-eK-Alg-65) was deposited in the Herbarium of the VAReNBIOMOl research unit, Frères Mentouri University, Constantine 1.
The leaves and flowers (2 kg) of this plant were macerated for 24 h, three times with methanol-water (70:30, v/v) at room temperature. After filtration, the clear filtrate was concentrated at 35 °C under vacuum, the remaining solution (400 ml) was dissolved in distilled H 2 O (800 ml) under magnetic stirring and kept at 4 °C overnight to precipitate a maximum amount of chlorophylls. After filtrating on a filter paper of Watman no: 1, the resulting solution was extracted with chloroform, etOAc and n-BuOH, respectively. The solutions were dried with sodium sulfate (Na 2 SO 4 ), filtered using normal filter paper and concentrated at 35 °C in a low vacuum to obtain the following extracts: CHCl 3 (5.00 g), etOAc (4.94 g) and n-BuOH (34.00 g).
DeTeRMINATION OF PHeNOlIC CONTeNTS
The total phenolic contents of the n-BuOH and the etOAc extracts were estimated using Folin-Ciocalteu assay as given by Singleton (Singleton et al. 1999) . Folin-Ciocalteu reagent was mixed with the extract or gallic acid (gA) solutions. After 3 min, 3 ml of Na 2 CO 3 (20%) was added and then the mixture was incubated at room temperature for 2 hours. The absorbance was measured at 765 nm. All tests were performed in triplicate. gA was used as a standard phenolic compound. The phenolic content was calculated and expressed as a µg gA equivalent per mg of extract (gAe µg/mg extract).
TOTAl FlAVONOIDS
The determination of the total flavonoids in both extracts was estimated by the aluminum chloride colorimetric assay (Wang et al. 2008) . A volume of AlCl 3 (2%) methanol solution was added to the same volume of sample. After incubation time for one hour at room temperature, the absorbance was then measured at 420 nm. Quercetin was used as a standard compound. The content of total flavonoids was calculated and expressed as a µg quercetin equivalent (Qe) per mg of extracts (µg Qe/mg extract).
The activity of the n-BuOH and etOAc extracts was performed using the DPPH method as described by Braca (Braca et al. 2001 ). This method is based on the principal scavenging of the DPPH to evaluate radical scavenging activity. Briefly, different concentrations of each extract were added to 3 ml of 0.004% of the methanolic solution of DPPH · . The reaction mixture was kept in the dark for a period of 30 min. The absorbance was then monitored at 517 nm. Ascorbic acid was used as a standard. The inhibitory percentage (I, %) of the DPPH · was calculated according to the following equation:
where A control is the absorbance of DPPH · solution, A sample is the absorbance of the sample. The IC 50 of each extract was calculated from the graph plotted of inhibition percentage against the different concentrations of n-BuOH and etOAc extracts. This test was carried out in triplicate at each concentration.
INHIBITION OF lIPID PeROXIDATION
The modified protocol reported by Cao and Ikeda (Cao and Ikeda 2009 ) was performed to evaluate the capacity of the n-BuOH extract to inhibit lipid peroxidation using egg vitellose. As described in our previously published work (lassed et al. 2015) , the assay uses the egg vitellose as a source of lipids. 50 µl of FeSO 4 (0.07 M) was mixed with 10% egg vitellose homogenate to induce lipid peroxidation, and then incubated at 37 °C with different concentrations of the extract or ascorbic acid. After a period of incubation for 30 min, 1.5 ml of 2-thiobarbituric acid (TBA, 1%) and 1 ml of trichloroacetic acid (TCA, 20%) were added. The samples were mixed and then incubated at 95 °C for 15 min. After centrifugation, the absorbance of the upper solution was monitored at 532 nm.
The percentage inhibition (I, %) of lipid peroxidation level was calculated using the following equation:
where A control is the absorbance of control and A sample is the absorbance of the standard or sample.
The protective capacity of n-BuOH extract of C. sphaerocephala against DNA damage was tested on 46966 plasmid DNA (extracted from E. coli). Plasmid DNA was oxidized with H 2 O 2 via UV radiation in the presence or absence of the n-BuOH extract and performing agarose gel electrophoresis with the irradiated DNA (Russo et al. 2001 ). In two polyethylene microcentrifuge tubes, 1 µl aliquots of 46966 plasmid (200 µg/ml) were added, followed by 50 µg of n-BuOH extract in one of the two tubes. The other tube was irradiated control (C R ). Then, 4 µl of 3% H 2 O 2 was added to each tube. Next, they were placed on the surface of a UV transilluminator (300 nm) during 10 min, directly. In another tube, 1 µl aliquot of 46966 plasmid DNA was placed and served as a non-irradiated control (C O ). All samples were run on 1% agarose gel and then photographed using a lourmat gel imaging system (Vilber) (lassed et al. 2015) .
eVAlUATION OF THe ANTICANCeR ACTIVITY OF eXTRACTS USINg XCelligence SYSTeM
Cell Culture and XCELLigence
The Real-Time Cell Analyzer (XCelligence, RTCA) (ACeABIO, USA) was used for the antiproliferative effect of the n-BuOH extract on human cervical cancer (Hela) cells. The system measured impedance differences to derive cell index values at time points and it may be set by the operator. The cell activity depended on the cell index values and allowed cell behavior in a label-free environment and produced a real-time profile of the cells (Koldaş et al. , Ceyhan et al. 2015 . Hela cells were cultured and supplemented with 10% (v/v) heat-inactivated fetal bovine serum using 2% penicillin-streptomycin at 37 °C in a humidified 5% CO 2 atmosphere. Hela cells in the culture flask were detached from the bottom of the flask by 10 mL of trypsin-EDTA mixture. The culture medium was added to this cell suspension at the same volume and then mixed gently. The suspension was centrifuged at 600 rpm at Falcon tubes, then removing the upper solution; 5 ml of medium was transferred carefully to the tube and carefully mixed. The concentrations of cell suspensions were determined by CeDeX HIReS Cell Counter using Trypan Blue (Boussaha et al. , Ceyhan et al. 2015 .
Preparation of E-Plate 96 and Treatment
The culture medium (50 µl) was placed to each well and left in the hood for 15 min. The sterile incubator to allow the electrodes to equilibrate with the culture medium was inserted into the RTCA-SP station. The background measurement was performed for 1 minute to see the condition of the plate (Step 1). The plate was ejected from the station and 100 µl of cell suspension (2.5x10 4 cells/100 μL) was added to each well. Three blank wells were left to determine the culture medium.
The plate was also left for another 30 min for the cells to adhere to the bottom and the measurement was performed for 80 min (step 2). At this stage, the cells began to attach to the electrodes on the plate. The cell index value increased as the cells attached to the surface. At the end of the step 2, the different extract solutions (10, 20 and 50 μL equivalent to 50, 100 and 250 μg/mL concentrations, respectively) were added to the wells and the final volumes were completed to 200 μL. Lastly, the plate was placed into the station and a measurement lasting 48 h was started (Step 3). During step 3, the status of the cells was recorded every 10 min with XCelligence RTCA instrument. This measurement was made in triplicate (Boussaha et al. , Ceyhan et al. 2015 . In apparel, cis-platin as a standard control at the doses of 250, 100, 50 and 10 μg/mL was used by following the same steps.
STATISTICAl ANAlYSIS
Data are expressed as a mean ± standard deviation (SD). The statistical interferences were based on student's test for mean values and compare to standard. Differences were highly significant at p < 0.01 and significant at p < 0.05.
RESULTS AND DISCUSSION
TOTAl PHeNOlIC AND FlAVONOID CONTeNTS OF THe etOAc AND THe n-BuOH eXTRACTS
The total phenolic content of C. sphaerocephala was higher in the etOAc extract: 357±11.32 μg GAE/mg extract compared to the n-BuOH extract: 202.5±1.5 μg GAE/mg extract. However, the amounts of flavonoids in the EtOAc and the n-BuOH extracts were 283.2±4.17 and 273.8±5.38 µg Qe/mg extract, respectively. The high amount of total phenol content in both extracts justified their high antioxidant activities. Therefore, the antioxidant activity of plant extracts may result from phenolic compounds. Similar results were found in other studies using different plants: A lignin, arctigenin, and a number of flavonoids, 3-O-glucosyl-isorhamnetin, rutin, 6-C-glucosylluteolin, isoquercitrin, trifolin, isoscoparin and isovitexin were previously isolated from aerial parts of C. macrocephala (Sarker et al. 1997 , Ribeiro et al. 2002 . The isolation, identification, toxicity and antioxidant activities of the isolated lignans such as arctiin, matairesinoside, matairesinol and lappaol A from seeds of C. macrocephala were also reported (Shoeb et al. 2004 ).
FRee RADICAl SCAVeNgINg ACTIVITY OF THe etOAc AND THe n-BuOH eXTRACTS DPPH · has been used to determine free radical scavenging capacity of plant extracts (erenler et al. 2014) . As showed in Fig. 1 , the scavenging ability of the etOAc and the n-BuOH extracts was concentration-dependent (erenler et al. 2014) . The IC 50 values were calculated as the concentration of the sample that caused the inhibition of 50% of free radical (DPPH · ). A lower IC 50 value indicated a higher scavenging activity. In this study, both extracts proved to be effective scavengers of DPPH · . The IC 50 values of ascorbic acid, etOAc and n-BuOH extracts were 5.18±0.12 μg/mL, 11.59±0.04 μg/mL and 16.67±0.11 μg/mL, respectively.
lIPID PeROXIDATION INHIBITORY ACTIVITY OF THe n-BuOH eXTRACT
In the current work, we investigated the potential of the n-BuOH extract of C. sphaerocephala in inhibiting the lipid peroxidation induced by the FeSO 4 system, using egg vitellose homogenate. As shown in Fig. 2 , the IC 50 values of the inhibitory effect of the extract and ascorbic acid were 340.94±7.49 μg/mL and 20.62±0.93 μg/ ml, respectively. The percentage inhibition of lipid peroxidation of the n-BuOH extract of C. sphaerocephala (100 and 200 µg/ml) was found to be 17.36% and 37.50%. While the ratio at the same concentrations for ascorbic acid was found to be 86.95% and 97.50% ,respectively. The n-BuOH extract decreased lipid peroxidation through its antioxidant and anti-radical power. In biological systems, lipid peroxidation generates a number of cytotoxic products, such as MDA, a marker of the oxidative stress in tissues injury (Zama et al. 2007 ).
DNA DAMAge INHIBITION eFFICIeNCY OF THe n-BuOH eXTRACT
Several studies provide evidence that DNA is susceptible to oxidative damage induced by free radicals in several diseases such as cancer. In order to investigate the protective effect of the n-BuOH extract of C. sphaerocephala, the UV-photolysis of H 2 O 2 test was performed (Fig. 3) . The untreated nonirradiated DNA (C O ) generated one band corresponding to supercoiled circular DNA which the native form is normally found in vivo. While both the irradiated control and the test sample (containing 50 µg of the n-BuOH extract) showed two new forms of DNA: the relaxed circular and the linear forms. These forms naturally occur when the DNA is nicked and damaged. In our case, the extract did not show any ability in protecting DNA against UV photolysis of H 2 O 2 induced damage and did not keep DNA in its native supercoiled form (Ozaki et al. 2015 , Valko et al. 2001 . Each substance was tested twice in triplicates using RTCA xCELLigence instrument. Different concentrations of n-BuOH extract were applied to the cells represented by different color (▬ 250 μg/mL ▬ 100 μg/mL ▬ 50 μg/mL ▬ Control ▬ Medium). activity of the n-BuOH extract against Hela cells was tested using XCelligence RTCA software (Koldaş et al. 2015) . In this study, antiproliferative effects of the n-BuOH extract obtained from C. sphaerocephala l. were examined on Hela cell lines. The cis-platin as metal-based drug candidate molecules was proved to have antiproliferative activity. The last fifty years, many metal complexes such as cis-platin were carried out in vitro and in vivo biological assays. Therefore, the cis-platin was used as a positive control in this study. As represented in Figs. 4 and 5, in the first 80 minutes, cells not treated with extract or positive control (cis-platin) were observed to have normal growth, but the medium wells (green line) did not have any increase. After step 2, the extract or the positive control was added to the cell culture media of each well of E-plate 96 at different concentrations.
Antiproliferative activity of the n-BuOH extract at 100 and 50 μg/mL concentrations showed lower activity than 250 μg/mL. As shown in Fig. 4 , the lowest activity (turquoise line) was observed at the lowest concentration of 50 μg/mL. The low concentration decreased antiproliferative activity stepwise after the first 10 h and cell index (CI) increased slowly during the period. However, CI values of low concentration were lower than control value (red line). The antiproliferative effect of 100 μg/mL concentration (pink line) was not as high as the highest dose but more efficient than a lower dose. The extract showed an interesting effect against HeLa cells especially between the 30 to 50 h. The best effects observed from n-BuOH extract at the higher concentration of 250 μg/mL compared to the positive and the negative controls and literature (Oke-Altuntas et al. 2016 , Yaglıoglu et al. 2013 .
These results showed that the extract exhibited different effect against HeLa cell line at different concentrations. Thus, the antiproliferative activity of the n-BuOH extract increased in a dose-depended manner from 50 to 250 μg/mL. It may be suggested that the antiproliferative properties of the n-BuOH extract of C. sphaerocephala could be attributed to the presence of phenolic compounds, especially flavonoids reported in previous study (Bruno et al. 1994) . This class of natural compounds plays an important role in cancer prevention and treatment (Samet et al. 2014 , Koldaş et al. 2015 , Abay et al. 2015 . Many studies reported that flavonoids have protective effects against some diseases as cancer. Flavonoids as isocoreopsin, butrin and isobutrin have an essential role in the chemoprevention of colon cancer (Teoh et al. 2017 ). Plant polyphenols have drawn increasing attention due to their protective effects against several oxidative stress associated diseases such as cancer. Natural phenolics have been found to mediate all stages of cancer development (Subramaniyan et al. 2016 , Yildiz et al. 2017 . In addition to their antioxidant activities, they inhibit cancer development via a number of cellular essential mechanisms (Dai and Mumper 2010).
These results confirmed other studies which reported that Centaurea species contain natural potent anticancer agents against a variety of human malignances including prostate, lung, colon, stomach, kidney, pancreas and mammary glands (Yaglioglu et al. 2014) . This beneficial effect has been attributed to the presence of high amounts of polyphenols, which are potent antioxidants especially sesquiterpene lactones (erenler et al. 2016 (erenler et al. , Demirtas et al. 2013 .
CONCLUSION
In the present study, both extracts of C. sphaerocephala showed strong antioxidant activity on scavenging of DPPH. Their high antioxidant property might be due to the presence of polyphenols and flavonoids. The n-BuOH extract inhibited lipid peroxidation. In addition, the n-BuOH extract showed antiproliferative activity against Hela cell lines. It can be concluded that the n-BuOH extract of C. sphaerocephala l. has antiproliferative components. The strong antiproliferative activity at the high concentration of this extract suggests that this plant may be a promising source of natural antioxidant and functional plant material. These findings need extensive studies on the isolation and the determination of chemical profiles and the mechanism of antiproliferative and antioxidant activities.
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